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Context: Individuals suffering from patellofemoral pain have
previously been reported to have decreased isometric strength
of the hip musculature; however, no researchers have investi-
gated concentric and eccentric torque of the hip musculature in
individuals with patellofemoral pain.

Objective: To compare concentric and eccentric torque of
the hip musculature in individuals with and without patellofem-
oral pain.

Design: Case control.

Setting: Research laboratory.

Patients or Other Participants: Twenty participants with
patellofemoral pain (age = 26.8 * 4.5 years, height = 171.8 =
8.4 cm, mass = 72.4 *= 16.8 kg) and 20 control participants
(age = 25.6 = 2.8 years, height = 169.5 = 8.9 cm, mass =
70.0 = 16.9 kg) were tested. Volunteers with patellofemoral
pain met the following criteria: knee pain greater than or equal to
3 cm on a 10-cm visual analog scale, insidious onset of
symptoms not related to trauma, pain with palpation of the
patellar facets, and knee pain during 2 of the following activities:
stair climbing, jumping or running, squatting, kneeling, or
prolonged sitting. Control participants were excluded if they
had a prior history of patellofemoral pain, knee surgery in the

past 2 years, or current lower extremity injury that limited
participation in physical activity.

Intervention(s): Concentric and eccentric torque of the hip
musculature was measured on an isokinetic dynamometer. All
volunteers performed 5 repetitions of each strength test.
Separate multivariate analyses of variance were performed to
compare concentric and eccentric torque of the hip extensors,
abductors, and external rotators between groups.

Main Outcome Measure(s): Average and peak concentric
and eccentric torque of the hip extensors, abductors, and
external rotators. Torque measures were normalized to the
participant’s body weight multiplied by height.

Results: The patellofemoral pain group was weaker than the
control group for peak eccentric hip abduction torque (Fi3s =
6.630, P = .014), and average concentric (F1 3g = 4.156, P = .048)
and eccentric (F4 35 = 4.963, P = .032) hip external rotation torque.

Conclusions: The patellofemoral pain group displayed
weakness in eccentric hip abduction and hip external rotation,
which may allow for increased hip adduction and internal
rotation during functional movements.

Key Words: anterior knee pain, lower extremity, muscle
strength

group with patellofemoral pain.

Key Points
» Peak eccentric hip abduction torque and average concentric and eccentric hip external rotation torque were lower in the

» Assessing hip muscle strength is a crucial step in the evaluation of patients with patellofemoral pain.

common knee conditions reported by males and
females in the United States.! Although this condi-
tion is common, its cause is not well understood. Many
researchers2—4 speculate that abnormal alignment of the
patella within the femoral trochlea may lead to the
development of patellofemoral pain. One underlying cause
of this malalignment is speculated to be abnormal
transverse-plane or frontal-plane (or both) motion of the
femur during functional movements.2
Hip musculature plays an important role in controlling
transverse-plane and frontal-plane motions of the femur.
More specifically, weakness of the gluteus medius muscle is
believed to increase hip adduction and knee valgus
angles.2.5-7 Additionally, weakness of the “deep 6 hip
external rotators (piriformis, obturator internus and
externus, gemellus superior and inferior, and quadratus

Patellofemoral pain syndrome is one of the most

femoris) is also proposed to increase hip internal rotation
and knee valgus angles.2.5.8 Although the gluteus maximus
is most commonly thought to control sagittal-plane motion
at the hip and trunk,® researchers!0 have reported that the
upper portion of the gluteus maximus functions like the
gluteus medius during walking and stair ambulation;
therefore, the gluteus maximus may play a role in
controlling frontal-plane and transverse-plane motions of
the hip during functional tasks. Based on the functions of
these muscles, weakness of the hip muscles may lead to
malalignment of the patella within the femoral trochlea due
to excessive movements of the femur in hip adduction and
internal rotation.

Previous investigatorsS:11-13 have reported that individ-
uals with patellofemoral pain have decreased isometric
strength of the hip abductors, external rotators, and
extensors. Females with patellofemoral pain have been
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reported to be 26% and 24% to 36% weaker than healthy
females on measures of isometric hip abduction and hip
external rotation strength, respectively.5-11 In a separate
study,!3 females with patellofemoral pain had 27% less hip
abduction strength, 30% less hip external rotation strength,
and 52% less hip extension strength than healthy females.
Although difference have been reported among females,
when males and females with patellofemoral pain were
compared with healthy males and females, no differences in
hip abductor and external rotation isometric strength were
noted.12

To our knowledge, no authors have determined if
concentric and eccentric torque of the hip musculature
differ in individuals with and without patellofemoral pain.
Research investigating concentric and eccentric muscle
torque is needed because of the importance of concentric
and eccentric muscle contraction during functional tasks.
Concentric muscle contraction produces the joint torque
necessary to accelerate the limb through space and
facilitate joint motion. In contrast, eccentric muscle
contraction decelerates the limb during motion.!4 There-
fore, decreased muscle torque may have a significant effect
on the ability to accelerate and decelerate joint motion. If
patients with patellofemoral pain are weaker than healthy
controls on measures of concentric and eccentric hip
abduction and hip external rotation torque, frontal-plane
and transverse-plane motions of the femur during func-
tional movements may be less controlled and, in turn, lead
to patellar malalignment.

The literature offers conflicting results on the relation-
ship between isometric strength and isokinetic torque.
Some researchers!s.16 have observed strong relationships
between these measures, whereas others!” have reported
weaker relationships. Based on the lack of a clear
relationship between isometric and isokinetic torque, we
cannot conclude that decreased isometric strength of hip
muscles in patients with patellofemoral pain suggests that
they have decreased concentric and eccentric torque of the
hip muscles. Therefore, the purpose of our investigation
was to determine if differences in concentric and eccentric
torque of the hip musculature (hip extensors, hip external
rotators, and hip abductors) exist between individuals with
and without patellofemoral pain. We hypothesized that
both concentric and eccentric torque of the hip extensors,
external rotators, and abductors would be decreased in
individuals with patellofemoral pain compared with those
without patellofemoral pain.

METHODS

Participants

Forty volunteers (20 with patellofemoral pain, 20
controls) between the ages of 18 and 40 years were
recruited from the University of North Carolina student,
staff, and faculty populations. The patellofemoral pain
group consisted of 7 male and 13 female participants (age
= 26.8 * 4.5 years, height = 171.8 * 8.4 cm, mass = 72.4
+ 16.8 kg). Inclusion criteria for the patellofemoral pain
group included 1) anterior or retropatellar knee pain
present during at least 2 of the following activities:
ascending or descending stairs, hopping or running,
squatting, kneeling, and prolonged sitting; 2) insidious

onset of symptoms not related to trauma; 3) pain on
palpation of the patellar facets; and 4) worst pain in the
past week greater than or equal to 3 cm on a 10-cm visual
analog scale. Inclusion criteria were adapted from Cowan
et al.18 The control group consisted of 7 males and 13
females (age = 25.6 £ 2.8 years, height = 169.5 £ 8.9 cm,
mass = 70.0 = 16.9 kg) who were matched on age, height,
and mass to the patellofemoral pain volunteers. Exclusion
criteria for the patellofemoral pain and control groups
included 1) history of knee surgery, 2) clinical evidence of
other knee injury, or 3) current significant injury affecting
other lower extremity joints.

Before data collection, all participants signed an
informed consent approved by the University’s Biomedical
Institutional Review Board, which also approved the
study. Additionally, all volunteers completed a 10-cm
visual analog scale (VAS) for “worst knee pain during the
previous week” and the anterior knee pain scale (AKPS).
The AKPS is a 13-item, self-administered questionnaire
that assesses knee function. A higher score on the AKPS
suggests better perceived function, with a maximum score
of 100. The AKPS has previously been reported to be
reliable and valid in a population with patellofemoral
pain_l9,20

Procedures

Concentric and eccentric torque of the hip extensors, hip
external rotators, and hip abductors were assessed using an
isokinetic dynamometer (Biodex Medical Systems Inc,
Shirley, NY). Before testing, participants were provided
with detailed instructions for the strength testing proce-
dures. They were allowed 3 submaximal practice repeti-
tions before testing. No volunteers needed more than 3
practice repetitions to perform the tests in a smooth
manner. Five maximal repetitions for hip extension,
external rotation, and abduction were collected for each
strength test. All strength testing was performed at 60°/s.
We chose 60°/s because a muscle produces greater
concentric force at slower isokinetic testing velocities.2!
Furthermore, as velocity increases during eccentric con-
tractions, the force-producing capability stays the same or
slightly increases.2! Therefore, the testing velocity of 60°/s
is a good representation of both the concentric and
eccentric force-producing capabilities of each muscle group
we assessed.

Each participant was provided 2 minutes of rest between
strength tests. Order of strength testing was randomized.
The leg used for testing in each control volunteer
corresponded with the injured limb tested in the matched
patellofemoral pain volunteer. If the patellofemoral pain
volunteer suffered from bilateral patellofemoral pain, the leg
with the worst pain in the past week was used for testing.

For the hip extension test, participants were positioned
so that the trunk was flexed to 90° and their arms were
wrapped around the chair of the dynamometer to stabilize
the trunk (Figure 1). The axis of rotation for the
dynamometer was aligned with the greater trochanter of
the femur on the test leg. The lever arm applied resistance
on the posterior thigh just superior to the knee. The nontest
leg supported the body of the participant. The participant
was instructed to exert maximal strength against the
dynamometer in the direction of hip extension, keeping
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Figure 1. Hip extension strength test.

the knee flexed at approximately 90°. The torque of the hip
extensors was tested concentrically and eccentrically from
90° of hip flexion to 60° of hip flexion.

Hip external rotation torque was assessed with the
participant in a seated position with the hip and knee flexed
to 90° (Figure 2). The upper thigh of the test leg and the
trunk were stabilized with straps. A bolster was placed
between the participant’s knees in order to control for hip
adduction. The axis of rotation for the dynamometer was
aligned with the knee joint line. Concentric and eccentric
strength testing was performed through a range of 5° of hip
internal rotation (neutral) to 20° of hip external rotation,

Figure 2. Hip external rotation strength test.

Figure 3. Hip abduction strength test.

allowing for 25° of total hip internal and external rotation
range of motion.

Hip abduction torque was assessed with the test leg on
top of the nontest leg and the participant in a side-lying
position (Figure 3). The nontest leg and trunk were
stabilized with straps. The dynamometer axis of rotation
was aligned medial to the anterior superior iliac spine at the
level of the greater trochanter on the test leg. The lever arm
applied resistance to the lateral aspect of the distal thigh
superior to the lateral femoral condyle. The participant was
instructed to exert maximal strength against the dyna-
mometer in the direction of hip abduction during the entire
strength test. Concentric and eccentric torque of the hip
abductors was tested from 0° to 20° of hip abduction.

Intrasession reliability (intraclass correlation coefficient
[2,1]) for the testing protocol used in this investigation has
previously been reported from our laboratory?2 and is
presented in Table 1. For the reliability investigation,
concentric and eccentric torque of the hip muscles was
assessed in 20 healthy, physically active volunteers. Each
volunteer performed 3 repetitions of hip extension,
abduction, and external rotation using the same position-
ing and testing procedures described above.22

Data Reduction and Statistical Analysis

Peak and average torque data for the concentric and
eccentric phases of isokinetic strength testing were deter-
mined using custom software (MATLAB; The MathWorks,
Inc, Natick, MA). Concentric and eccentric phases were
determined by the direction of motion. For example, during
hip abduction, the concentric phase occurred when the
dynamometer arm moved from 0° to 20° of hip abduction;
the eccentric phase occurred when the dynamometer arm
moved from 20° to 0° of hip abduction. The average of the
middle 3 trials for each strength test was used for data
analysis to eliminate the possibility of learning (trial 1) and
fatigue effects (trial 5). All torque data (Nm) were
normalized to body weight multiplied by height.23

We performed independent-samples ¢ tests to determine
differences in age, height, mass, visual analog scale values,
and AKPS values between the patellofemoral pain and
control groups. Three separate, 1-way multivariate analy-
ses of variance (MANOVAs) were conducted to determine
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Table 1.

Intrasession Reliability Values for Isokinetic Strength Testsa

Average Concentric Strength

Average Eccentric Strength

Peak Concentric Strength Peak Eccentric Strength

Hip Variable ICC SE ICC SE ICC SE ICC SE
Extension 0.76 12.32 0.72 17.27 0.79 15.63 0.89 15.01
External rotation 0.90 3.30 0.90 4.03 0.93 4.34 0.94 3.61
Abduction 0.95 5.79 0.90 8.20 0.81 13.81 0.85 11.34

Abbreviations: ICC, intraclass correlation coefficient; SE, standard error of measurement.

@ Data adapted from Hawkey et al.22

the effect of group (patellofemoral pain and control) on
peak and average concentric and eccentric torque for the
hip extensors, abductors, and external rotators. Analyses
of variance (ANOVAs) on ecach dependent variable were
conducted as follow-up tests to the MANOVA. We used
SPSS (version 14.0; SPSS Inc, Chicago, IL) to perform all
analyses. An a priori « level was set at .05.

RESULTS

The patellofemoral pain group did not differ from the
control group on measures of age, height, or mass (P >
.05); however, both the visual analog scale (5.06 = 2.27 cm
versus 0.14 = 0.28 cm, tzg = 9.57, P = .001) and AKPS
(68.90 = 9.15 versus 99.10 + 2.73, t33 = —14.15, P = .001)
scores were different, indicating that knee pain and
function were worse in the patellofemoral pain partici-
pants. A significant MANOVA was found for both hip
external rotation torque (Pillai trace = 0.279, F435 =
3.386, P = .019) and hip abduction torque (Pillai trace =
0.250, F4 35 = 2.919, P = .035). Follow-up, 1-way ANOVA
tests for hip abduction torque revealed weaker peak
eccentric torque in the patellofemoral pain group than
the control group (Fy3s = 6.630, P = .014). Similarly,
follow-up analyses of hip external rotation torque demon-
strated decreased average concentric torque (F; 35 =4.156,
P=.048) and average eccentric torque (F; 35 = 4.963, P =
.032) in the patellofemoral pain group compared with the
control group. The MANOVA for hip extension torque
was not significant (Pillai trace = 0.093, F4 35 = 0.892, P =
479, 1-p = .254). Means, SDs, and 95% confidence

intervals for normalized data and means and SDs for raw
(Nm) data for each dependent variable are presented in
Tables 2 and 3.

DISCUSSION

Recently, researcherss.11-13 have reported that patients
with patellofemoral pain have decreased isometric strength
of the hip extensors, external rotators, and abductors;
however, no authors have investigated the concentric and
eccentric torque of these muscles. The findings of this study
indicate that patients with patellofemoral pain are weaker
than healthy volunteers on measures of peak eccentric hip
abduction torque and average concentric and eccentric hip
external rotation torque. More specifically, the patellofem-
oral pain group was 21% weaker than the control group for
peak eccentric hip abduction torque and 23% weaker than
the control group for both average concentric and eccentric
hip external rotation torque.

Our findings are similar to those of previous research-
ers>-11.13 who reported decreased isometric strength of the
hip external rotators and abductors in females with
patellofemoral pain. Direct comparisons with previous
studies are difficult because no other researchers measured
concentric and eccentric torque of the hip musculature in
patients with patellofemoral pain. One finding in disagree-
ment with previous research is hip extension strength.
Robinson and Nee!3 reported that patients with patello-
femoral pain were 52% weaker on measures of isometric
hip extension strength than controls. In our investigation,
patients with patellofemoral pain were, on average, 8%

Table 2. Normalized Peak and Average Hip Concentric and Eccentric Torques

Patellofemoral Pain Group

Control Group

Mean = SD (% Body

95% Confidence

Mean = SD (% Body 95% Confidence

Hip Variable Weight X Height) Interval Weight X Height) Interval

Extension torque

Peak concentric 0.105 + 0.036 0.088, 0.122 0.117 = 0.030 0.103, 0.131

Peak eccentric 0.117 = 0.031 0.102, 0.132 0.126 + 0.035 0.110, 0.142

Average concentric 0.078 = 0.030 0.065, 0.093 0.088 = 0.027 0.076, 0.101

Average eccentric 0.094 = 0.028 0.081, 0.107 0.098 = 0.035 0.081, 0.114
External rotation torque

Peak concentric 0.027 = 0.010 0.023, 0.032 0.033 += 0.013 0.027, 0.039

Peak eccentric 0.035 + 0.012 0.030, 0.040 0.040 + 0.015 0.033, 0.047

Average concentric 0.017 = 0.0072 0.013, 0.021 0.022 = 0.009 0.018, 0.027

Average eccentric 0.024 = 0.0072 0.020, 0.028 0.031 = 0.013 0.026, 0.037
Abduction torque

Peak concentric 0.061 = 0.018 0.053, 0.070 0.064 = 0.021 0.054, 0.075

Peak eccentric 0.048 + 0.017a 0.041, 0.057 0.061 = 0.015 0.055, 0.069

Average concentric 0.047 = 0.019 0.038, 0.056 0.052 = 0.020 0.042, 0.061

Average eccentric 0.036 = 0.016 0.029, 0.044 0.045 + 0.015 0.038, 0.052

2 Indicates difference between the patellofemoral pain and control groups (P < .05).
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Table 3. Peak and Average Hip Concentric and Eccentric Torques

(Raw Data) (Nm, Mean = SD)

Hip Variable

Patellofemoral
Pain Group

Control Group

Hip extension torque
Peak concentric
Peak eccentric
Average concentric
Average eccentric

Hip external rotation torque
Peak concentric
Peak eccentric
Average concentric
Average eccentric

Hip abduction torque
Peak concentric
Peak eccentric
Average concentric
Average eccentric

121.787 = 36.966
138.112 = 42.933

90.274 + 29.464
110.254 = 34.653

33.748 = 16.168
41.203 = 14.140
20.993 = 12.156
28.773 = 10.747

73.960 * 31.737
58.721 + 29.554
57.039 * 30.896
44.457 *+ 27.429

136.470 = 51.939
147.299 + 58.064
103.649 * 44.283
115.718 * 54.309

38.410 = 17.196
46.376 = 18.553
25.871 = 11.584
36.407 = 15.738

73.770 = 28.132
71.811 = 25.242
59.148 = 24.507
53.752 *= 23.791

weaker than the healthy volunteers. A possible reason for
the conflicting results is differences in testing procedures.
First, Robinson and Nee!3 only assessed isometric strength,
whereas we assessed isokinetic torque. Additionally, they
positioned participants at 0° of hip flexion when testing
isometric hip extension strength. In our investigation,
volunteers started at approximately 90° of hip flexion and
extended at the hip to approximately 60° of hip flexion (30°
range of motion). The differences in the length-tension
relationship due to participant positioning between these
studies may explain the different results and should be
further investigated. We performed a post hoc power
analysis for hip extension torque and determined that we
would need more than 140 volunteers to achieve a power of
.80. Therefore, based on these findings and the large amount
of overlap in the 95% confidence intervals for hip extension
torque, increasing participant numbers to increase statistical
power would not produce a clinically meaningful difference
between individuals with and without patellofemoral pain.

The findings for hip external rotation and abduction
strength are similar when our findings are compared with
those of previous investigators who assessed isometric
strength. We noted that patients with patellofemoral pain
were approximately 8% weaker on measures of concentric
hip abduction torque and 20% weaker on measures of
eccentric hip abduction torque. The eccentric hip abduc-
tion torque deficit is similar to the deficit of approximately
25% reported by previous authors for isometric hip
abduction strength; however, our findings for concentric
hip abduction torque are much smaller than those
previously reported for isometric hip abduction
strength.5.11,13 Additionally, patients with patellofemoral
pain in our investigation were approximately 21% weaker
than the control group on measures of concentric hip
external rotation torque and 18% weaker on measures of
eccentric hip external rotation torque. These findings are
also much smaller than the deficit of approximately 30%
reported by previous authorsS.11.13 assessing isometric
strength of the hip external rotators. The lack of
consistency in strength deficits among the concentric,
eccentric, and isometric measures lends support to the
need for future investigators to assess concentric and

eccentric torque and not focus solely on isometric strength
in the population with patellofemoral pain. Although
investigators assessing isometric strength provide good
information to clinicians for rehabilitation and prevention
measures, concentric and eccentric torque is also an
important piece of the puzzle that needs to be evaluated in
patients with patellofemoral pain. To our knowledge,
researchers have reported that no single strength assessment
(isometric, isokinetic, or isotonic) is a better predictor of
functional performance than another,24 but have stated that
each strength assessment by itself is highly correlated with
functional performance.25.26 Based on these findings, mea-
surements of isometric, isokinetic and isotonic strength each
provide useful information to clinicians and should all be
assessed for use in prevention and rehabilitation programs.

Measures of concentric and eccentric torque are clinically
important because during functional movements, muscles
contract concentrically and eccentrically. If joints and body
segments cannot withstand the external moments applied to
the body by concentric and eccentric muscle torques, faulty
movement patterns may occur. During running, the hip
abductor muscles fire during midstance to stabilize the
pelvis.27 If the hip abductors cannot stabilize the pelvis,
frontal-plane motion at the hip and knee may increase.28 As
stated previously, faulty movement patterns, such as
increased hip adduction and internal rotation, are theorized
risk factors for patellofemoral pain.2 Increased hip adduc-
tion and internal rotation may be prevented through
concentric and eccentric contractions of the hip external
rotators and abductors; however, if the hip abductors and
external rotators are weak, excessive or abnormal motions
of the femur are more difficult to control.

Many researchers!8.29-31 have reported decreased pain and
increased function in patients with patellofemoral pain after
an intervention that included strengthening exercises for the
hip musculature. Based on our findings of decreased hip
muscle strength and previous findings of decreased pain and
increased function after strengthening of the hip muscula-
ture, strengthening exercises for the hip muscles are
warranted in the treatment of patients with patellofemoral
pain. No investigators have determined if strength gains in
the hip musculature lead to decreased frontal-plane and
transverse-plane motions at the hip and knee during
functional movements; therefore, future authors should
investigate changes in hip and knee kinematics after an
intervention that includes hip strengthening exercises.

Future researchers should also determine if patients with
patellofemoral pain display sex differences on measures of
hip muscle strength. Because of the sample size in this
investigation, we did not have sufficient power to make this
comparison. Additionally, future authors should determine
if hip muscle weakness and lower extremity kinematics
during dynamic activities are related in patients with
patellofemoral pain. This information will provide addi-
tional results that may be used to develop effective
intervention programs for patients with patellofemoral pain.

LIMITATIONS

A limitation of this investigation is the range of motion
we used to assess the strength of the hip extensors, external
rotators, and abductors. We decided on this range of
motion based upon the level of comfort of the participants
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during pilot testing. Although we are limited in the ability
to generalize these results to functional tasks because of the
small range of motion used to assess strength, we feel the
internal validity of our results is high, given that all
participants performed the tests through the same arcs of
motion. Future researchers should assess the concentric
and eccentric strength of the hip extensors, external
rotators, and abductors through a larger range of motion.
An additional limitation is that we did not assess
participants’ pain during the strength tests, which may
have had an influence on the results of this investigation.
However, we did not assess pain during the testing because
it is not common for individuals with patellofemoral pain
to complain of pain in the hip region. Another limitation of
this study is the decreased ability to determine a cause-and-
effect relationship within a case-control design. We cannot
determine if hip muscle weakness was present before or
after the patellofemoral pain developed. Future authors
should use a prospective cohort design to determine if hip
muscle weakness is a risk factor for patellofemoral pain.

CLINICAL IMPLICATIONS

Based on the findings of this investigation, assessing hip
muscle strength is a crucial step in the evaluation of
patients with patellofemoral pain. As denoted by the 95%
confidence intervals, our measures of hip muscle torque
were precise because of the small ratio between the lower
and upper confidence intervals (ratios ranged from .61 to
.79).32 Additionally, with the significant results, the
confidence intervals displayed a very small amount of
overlap. With the use of 95% confidence intervals, the
clinical meaningfulness of our results is enhanced due to
the divergence in confidence intervals and small confidence
limit ratios for the significant findings. Therefore, including
exercises that not only increase concentric but also
eccentric strength of the hip muscles should be part of
rehabilitation programs developed for patients with
patellofemoral pain. The muscles targeted through
strengthening exercises should include the gluteus medius
and the “deep 67 hip external rotators (piriformis,
obturator internus and externus, gemellus superior and
inferior, and quadratus femoris).
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